Phyllocladane diterpenoids, particularly calliterpenone (1) and calliterpenone monoacetate (2), isolated from leaves of Callicarpa macrophylla, produced significantly higher growth and multiplication of in vitro shoot cultures of Rauwolfia serpentina at 0.25 and 0.5 mg/L concentrations, respectively, compared to certain other plant growth regulators (0.1-5.0 mg/L) tested under in vitro conditions. This is the first report of the plant growth promoting activities of 1 and 2 in plant tissue cultures.
anticancer and allelochemical properties have also been reported for related species [3, 4] . Compounds 1 and 2 were isolated earlier from C. macrophylla as 16α, 17-dihydroxy-ent-kauran-11-one and its 17-acetate [5] , which were later revised and confirmed as 16α, 17-dihydroxy phyllocladane-3-one (1) and its 17-acetate (2) by NMR spectroscopic and X-ray crystallographic studies [6] [7] [8] [9] [10] . A substitution pattern in calliterpenone similar to that of the ent-kaurenoid compound abbeokutone (the precursor of gibberellins) [11] [12] [13] , resulted not only in significant plant growth promoting activities in mono and dicotyledonous plant species, but also was found to antagonize the growth retardant effect of allelochemicals [14] . Keeping in view the commercial significance of calliterpenone in the agro-industry, a novel and commercially viable isolation process has been developed [15] . In the present investigation, an attempt has been made to NPC Natural Product Communications In R. serpentina, during micropropagation studies, each node containing an axillary bud is regarded as an individual propagable unit. Therefore, shoot elongation and the number of shoots, along with the number of nodes produced from a single node was considered as one of the important criteria for the selection of the most responsive plant growth regulator for optimal shoot multiplication and production of numbers of nodes/shoot. The number of shoots and nodes per explant (single node) and the length of the in vitro shoots regenerated on the shoot multiplication medium in response to the presence of various plant growth regulators tested in the culture medium in the present study is presented in Table 1 and Figure 1 .
It is apparent from the tabulated data that BAP (1.0 mg/L) supported the optimal shoot multiplication and number of nodes. Compounds 1 and 2, tested in the present study at 0.25 and 0.5 mg/L, respectively, also showed either better or comparable multiplication rates than other PGRs, thereby indicating their in vitro growth promoting activity, even at a low concentration (0.25 and 0.50 mg/L, respectively). Both compounds were also found to have significant influence on shoot elongation ( Table 1 ). The number of shoots and nodes produced in response to the presence of GA 3 (5.0 mg/L) in the medium was comparable to the response of compounds 1 and 2. However, the shoots regenerated were stunted and the leaves were deformed and pale yellow in GA 3 supplemented medium. In other media combinations containing optimal levels of other PGRs and compounds 1 and 2, leaves were healthy, green in color and normal in morphology ( Figure 2 ).
Initiation of callus at the cut end of excised shoots has been regarded as disadvantageous for rhizogenesis. Both BAP (1.0 mg/L) and TDZ (2.0 mg/L) exhibited callus formation at the cut ends of excised shoots of R. serpentina, whereas in other media combinations supplemented with optimal levels of the other PGRs, and compounds 1 and 2, no callus formation at the cut end of excised shoots was observed.
Thus, it is clear from the tabulated data that both compounds 1 and 2 exhibited plant growth promoting activities for all the parameters recorded. Both 1 and 2 at 0.25 and 0.5 mg/L concentrations, respectively, exhibited a significant increase (approx. two fold) in shoot length and numbers of nodes per culture flask compared to the control. In the present study, we report in vitro shoot growth promoting activity of 1 and 2 for the first time. Both compounds, along with gibberellins, belong to the tetracyclic diterpenoids class. Compound 1 is a stereoisomer of abbeokutone (a precursor of gibberellic acid in the fungus Gibberella fujikuroi) and which is used in biological transformation to gibberellins. Abbeokutone is a diterpenoid having an ent-kauranoid structure, while compound 1 has a similar substitution pattern to abbeokutone [11] [12] [13] . On this basis, involvement of a similar type of mechanism of action may be extrapolated. However, it is well known that the effect of natural and synthetic plant growth regulators are rarely specific in their ultimate influence on growth and development, and the responses of cells, tissues and organs in vitro can vary with culture conditions, the type of explant and the genotype [16, 17] . Further experimental work on understanding the mechanism of action of these two compounds is in progress.
R. serpentina, commonly known as 'Sarpagandha', is an endangered medicinal plant and a well known source of "Reserpine", reported to have a depressant action on the central nervous system and produces sedation and lowering of blood pressure, and which is used as a tool in physiological studies of body functions and pharmacological studies of other drugs. Many investigations related to in vitro shoot culture multiplication in R. serpentina have been reported earlier [18] [19] [20] .
Experimental
Dried leaves of C. macrophylla (300 g) were extracted in water in a Clevenger glass apparatus to remove essential oils. The water extract thus obtained was concentrated to half its volume and extracted first with n-hexane and then with chloroform. The residue (1.56 g) obtained on concentration of the pooled extract gave 0.11% of compound 1 and 0.006% of compound 2 on column chromatography over silica gel with n-hexane: ethyl acetate in various ratios as eluent. For developing the isolation process technology of compound 1, further purification led to yields reported to be 42 to 92 times higher compared to earlier reports [5, 7] , depending on the time of collection of the plant material and the process of isolation [15] .
Young shoots of R. serpentina were collected from one-year plants maintained in the experimental farm at CIMAP. After surface sterilization with 0.1% HgCl 2, single nodal explants of R. serpentina were cultured on basal MS medium with 0.8 % agar, 3% sucrose and BAP (1.0 mg/L) [21] . This medium composition was used to maintain all mother culture stock as a source of inoculum for evaluation of the growth promoting activity of compounds 1 and 2 and other plant growth regulators. Initially, explants were maintained for one week on hormone-free basal MS medium for nullifying the hormonal effect of mother cultures.
Cultures were maintained at 25± 2ºC under a 16 hr photoperiod.
Various cytokinins [6-benzyl amino purine (BAP), 6-furfuryl amino purine (kinetin), thidiazuron (TDZ), 6-methyl amino purine (MAP), and zeatin] and gibberellic acid (GA 3 ) were supplemented at 0.1-5.0 mg/L concentrations, while adenine sulfate (AdS) was supplemented at 0.1 to 100 mg/L. Compounds 1 and 2 were initially dissolved in absolute ethanol and distilled water was used to make the stock solution of 1 mg/mL. In the experiments, compounds 1 and 2 were supplemented in the medium at concentrations ranging from 0.1-5.0 mg/L before sterilizing the culture nutrient medium, whereas both zeatin and gibberellic acid were filter sterilized and supplemented to the culture medium. Culture medium without any plant growth regulator was treated as control. Different growth parameters i.e. number of shoots, number of nodes, shoot length range (cm), and average shoot length (cm) were recorded after 8 weeks of culture. Data are based upon the comparative analysis of optimum growth promoting level of each plant growth regulator.
